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eti、 eri、 eeli、 evi 分布是组元的平动能、转动





本文采用的化学反应模型是 5 组分 17 化学
反应的 Dunn-Kang 空气化学反应模型，5 组分

















































































































表 1 风洞运行参数 
参数 单位 数值 
驱动段氢氧比  4:1 
驱动段初压 P4i MPa 2.5 
被驱动段初压 P1 KPa 10 
驻室末端 Ms  11.76 
驻室总压 P0 MPa 19.8 
驻室总温 T0 K 8200 
驻室总焓 H0 MJ/kg 17.8 
实验选用出口直径 Φ500mm，锥度为 7°7′
的锥形喷管，吼道直径 Φ11mm。风洞运行参

















































































图 4 喷管流场 Ma 分布云图 

















图 6 喷管轴线方向组分质量分数分布 
图 7 喷管轴线方向温度分布 









表 2 JF-10 喷管出口截面气流参数 
 中心值 截面平均值 
静压(Pa) 101 106 
平动温度 T(K) 441 462 
振动温度 Tv(K) 3450 3445 
密度 ρ (kg/m3) 6.86×10-4 7.22×10-4 
速度 U(m/s) 5368 5352 
马赫数 Ma 11.9 11.7 
质量
分数 
O2 0.038 0.037 
N2 0.760 0.759 
O 0.176 0.177 

















图 9 喷管轴线方向速度分布 
和 O2的浓度起主要作用的反应式为： 
MNMNMOMO  22 22 ，  
对于离解反应(正反应)，反应速率由平动温度














图 10 喷管出口截面速度分布 
图 11 喷管轴线平动温度分布 
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图 12 喷管轴线方向振动温度分布 
图 13 喷管轴线方向 O2质量分数分布 
4 结论 
通过基于双温度模型的热化学非平衡流
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NUMERICAL SIMULATION OF HIGH-ENTHALPY NOZZLE FLOW 
WANG Qiu     ZHAO Wei     JIANG Zonglin  
 (State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China) 
Abstract Numerical solving Navier-Stokes equations which contain chemical nonequilibrium with thermo-
nonequibibrium under multi-block structured grid, this paper studied the conical nozzle flow conditions of the JF-10 high-
enthalpy tunnel under its typical experiment condition. The parameters distribution on the exit and the axial direction of the 
nozzle were given. The effect of enthalpy to the nozzle flow was also explored. The results showed that the uniform field on 
the nozzle exit come to 75% of the nozzle exit diameter, which can produce enough space for model experiment. The nozzle 
exit flow was frozen flow. And the gas component was a little different from air, which should be considered in experiments.   
Key words   detonation driven high-enthalpy shock tunnel,  thermo-chemical nonequilibrium , enthalpy,  frozen 
flow 
